Objective. To determine the ability of administrative data in predicting in-hospital mortality for patients undergoing coronary artery bypass graft surgery.
Risk adjustment plays an increasing role in evaluating the quality of health care, and the selection of appropriate score systems for the evaluation of hospital performance has become an important issue. From this point of view, administrative databases represent a very valuable source of information for research on the outcomes of hospital care, even though in attempting to use information from this source for purposes of comparison, researchers encounter considerable methodological and conceptual problems [1, 2] . One of the major problems with administrative data is that differences in outcomes between producers might be due to differences in their case mix. This may reXect factors such as demographic characteristics or severity of illness, including principal diagnosis and complexity of comorbidities. Statistical adjustment can improve the estimate's reliability of the treatment's effect, although how adequately confounding factors can be taken into account is still controversial [3] . Other concerns arise from inaccuracies and omissions in hospital discharge data. Despite these limits, the advantages of using a risk adjuster based on administrative data include lower cost and reduced data collection time. Furthermore, administrative data bases still represent the most important decision-making information sources routinely available to policy makers: indeed, they allow analyses of epidemiological changes, expenditure patterns, hospital performance, utilization review within each hospital, and longitudinal research on health reform. For these reasons, analysis based on administrative databases represents a useful Wrst step towards detecting the existence of situations worthy of closer examination.
Comorbidity has been studied for many years for its inXuence on many different outcomes of hospital care and economic outcomes, including resource utilization, discharge destination, and intensity of treatment, resulting in the development of Address reprint requests to C. Ugolini, Piazza Scaravilli 2, 40126 Bologna, Italy. E-mail: cugolin@economia.unibo.it several comorbidity scales. Administrative databases are increasingly being used to derive indices of comorbidity, most often the Charlson index, and previous work has questioned the accuracy of using this information source for the purpose of measuring comorbidity, comparing the chart-based data with administrative data [4] [5] [6] [7] . In most studies aimed at determining the accuracy of administrative data for measuring comorbidity, the Charlson index derived from medical record data was shown to be superior to the same index derived from administrative data, principally because administrative data based on hospital discharge codes consistently underestimate the presence of comorbid conditions and are unable to distinguish perfectly between comorbidities and complications.
More generally, Hannan and colleagues [8, 9] compared the ability of administrative and clinical data to predict mortality for coronary artery bypass graft (CABG) surgery. They concluded that the statistical model based on clinical data had a substantially better predictive ability than the administrative approach. However, they also found that adding some clinical data elements to the administrative data eliminated much of the difference in effectiveness between the two systems. Their studies also pointed out the need to make an effort to distinguish between comorbidities and complications among secondary diagnoses in administrative data systems. Similarly, Iezzoni and colleagues [10] tested the predictive accuracy of Wve generic clinical and administrative severity of illness measures for CABG patients. They found that the discrimination abilities of these measures were similar and this result was accounted for by the fact that administrative models often included postoperative complication data as preoperative risk predictors. Our study expands on this work by comparing the explanatory power of an administrative model (containing several predictive variables obtainable from patient hospital discharge abstract and other variables considered as proxies of clinical complexity, and known or suspected a priori to inXuence the survival of CABG patients) with a model using EuroSCORE (European System for Cardiac Operative Risk Evaluation; http://www.euroscore.org). Among preoperative risk scores for heart surgery, the EuroSCORE is the most recently developed one, involving the highest number of patients and institutions for its development, with data collected for >19 000 consecutive patients undergoing open heart surgery from 132 centres in eight European countries [11] [12] [13] . The database generated was subjected to multiple regression analysis to determine which factors were associated with operative mortality. Weights were allocated to each risk factor on the basis of the odds-ratios and a risk model was constructed in which the percentage predicted mortality for a patient could be calculated by adding the weighted values of risk factors that are present. As EuroSCORE is derived from a cross-section of current European cardiac surgery, it is proposed as a standard Europe-wide method allowing institutional quality control as well as pan-European epidemiological analysis. Studies comparing different score systems previously conWrmed that the EuroSCORE has been shown to work well in coronary surgery, valve surgery, and overall cardiac surgery across many European countries [14] [15] [16] [17] . For example, Geissler and colleagues [14] compared Parsonnet, Cleveland Clinic [18] , French, Euro, Pons, and Ontario Province [19] risk scoring systems by calculating the area under the receiver operating characteristic (ROC) curve, and found that Euro-SCORE yielded the highest predictive value (78.6%) in their patient population. Asimakopoulos et al. [15] compared the Parsonnet Score, the EuroSCORE, the American College of Cardiology/American Heart Association (ACC/AHA) score, and three UK Bayes models on 5741 patients who underwent isolated CABG at two UK cardiac centres between 1993 and 1999, and found that both EuroSCORE and the simple Bayes models predicted the overall level of mortality reasonably well. Recently, Nashef and colleagues [20] evaluated the performance of EuroSCORE on the national database of the Society of Thoracic Surgeons (STS), demonstrating that it also performs remarkably well in North American cardiac surgery, across years, types of surgery, and risk groups, despite substantial differences in demographic, risk, and surgical characteristics between European and American patients.
No studies have compared the ability and accuracy of administrative data for evaluating differences in hospital case-mix directly with EuroSCORE so far. The present study was undertaken to address these concerns.
Data were drawn from administrative databases containing hospital discharge abstracts (SDO) of the Italian region Emilia Romagna for the years 2000 and 2001. In this region the implementation of a diagnosis-related groups (DRG)-based payment system for hospital care during the second half of the 1990s has strongly increased the completeness of secondary diagnoses contained within administrative data sources, especially for cardiac surgery, which is considered a function of regional interest. Besides, since 2000 Emilia Romagna has been promoting the insertion in the hospital discharge abstracts of EuroSCORE for patients undergoing heart surgery. This provides an opportunity to compare the accuracy of an administrative risk adjustment approach with a clinical risk index based on medical records and introduces a useful improvement for policy makers who usually approach a subject on the basis of administrative databases.
Even if the administrative databases, inexpensive and readily available, lack an important amount of clinical information necessary for risk adjustment in the prediction of patient mortality, we tested the possibility of reaching a reasonable predictive power by integrating the variables routinely obtainable from patient hospital discharge abstracts with other administrative variables potentially able to reduce unobserved clinical heterogeneity. Following the Wndings of Hannan et al. and Iezzoni et al. [9, 10] , in order to distinguish complications of care from comorbidities, we linked hospital data across multiple episodes of care for the same patient up to 1 year before the admission for CABG. This kind of link is possible in any closed health care system, such as Emilia Romagna, but also within, say, Medicare. As certain diagnostic and procedure codes may represent complications when they appear on the index discharge abstract, but clearly represent comorbidities when they appear on a previous discharge abstract for the same patient, controlling for the patient's multiple episodes of care permits a reduction in the number of codes needed to represent probable postoperative events.
The Methods section discusses the data, the empirical speciWcation and the statistical analysis adopted. The Results section presents the main results of the logistic regression models used after adjusting for patient-speciWc, risk-related characteristics.
Methods

Data source
The Italian region of Emilia Romagna is located in the northeast and has a total population of ∼4 million inhabitants. The supply of cardiovascular treatments in this region is characterized by a strict regulatory control and great emphasis is placed upon coordination and cooperation between public and private producers. In 1996 the Region concentrated by-pass services in six cardiac surgical centres (CSCs); four private and two public [21] [22] [23] .
Our study included 3192 patients in the year 2000 and 3265 in 2001 who had been discharged from one of the six CSCs after coronary artery bypass surgery, including both emergency and elective admissions. Transfers and repeated admissions were traced using the patient identiWcation number. Patient data were obtained from the regional administrative SDO data, which includes demographic information (age and sex), principal diagnosis, an unlimited number of secondary diagnosis and procedure codes (ICD-9-CM), discharge status, and the clinical risk EuroSCORE for patients undergoing heart surgery. EuroSCORE contains 17 risk factors that are weighted for the deWnitive scoring system: nine patient-related factors, four factors derived from preoperative cardiac status, and four related to the timing and nature of the operation performed. The risk factors and the weights allocated to them are as follows: age (1); sex (1); chronic pulmonary disease (1); extracardiac arteriopathy (2); neurological dysfunction (2); previous cardiac surgery (3); serum creatinine (2); active endocarditis (3); critical preoperative state (3); cardiac-related factors such as unstable angina (2), LV dysfunction etc. [1 for moderate (LVEF 30-50%) or 3 for poor (LVEF <30%)]; recent myocardial infarct (2); pulmonary hypertension (2); operation-related factors such as emergency (2) etc.; other than isolated CABG (3); surgery on thoracic aorta (3); and postinfarct septal rupture (4). The system is additive: the predicted risk for a patient is calculated by adding the scores for existing risk factors to obtain an approximate predicted mortality index.
Statistical analysis
The statistical analysis was performed using SAS version V8.1 [24] . We used multiple logistic regression (SAS procedure LOGISTIC) to evaluate the accuracy with which patient mortality could be predicted according to each different risk adjustment approach used. As the binary dependent variable we considered in-hospital mortality from CABG surgery. Also having at our disposal the regional death registry for the same period, we performed the 60-day outcome analysis, but as the results of both outcome analyses were actually quite similar we concentrated on the short-term outcome. We estimated three multivariate models. The Wrst model proposed a risk adjustment based exclusively on the Charlson comorbidity index, one of the most widely used comorbidity rating systems. Originally developed on the basis of hospital chart data, it represents a measure of patient comorbidity [25] . Based on medical record review, Charlson and colleagues developed a weighted index measure of comorbidity that was shown to predict the adjusted relative risk of 1-year mortality, using a proportional hazards model. The index considers 19 conditions, each of which receives a weight from 1 to 6 according to its potential for inXuencing mortality, giving the index a possible range of 0-33. Romano et al. [26, 27] adapted the index for use with the ICD-9-CM diagnostic and procedure codes available in administrative datasets, searching a patient's hospital claims data for the presence of a speciWc ICD-9-CM diagnosis and procedures corresponding to Charlson comorbid conditions [28, 29] . As it was constructed to predict outcomes following coronary artery bypass surgery, this adaptation was applied in our study.
The second model presented a risk adjustment approach using the Charlson comorbidity index plus other information obtainable exclusively from administrative data sources and associated with an increased mortality risk, particularly inhospital mortality: patient-speciWc factors such as older age and sex, emergency admission, a combined operation (heart surgery other than isolated CABG during the same operation), and previous cardiac surgery within 1 year from CABG hospitalization. As we observed different coding methods among the six CSCs regarding patients admitted with an acute myocardial infarction-some of them recorded a primary diagnosis acute myocardial infarction (AMI) with ICD-9-CM code 410, even for patients with recent myocardial infarction-we constructed a variable for a primary diagnosis of AMI within 8 weeks of admission for CABG surgery (AMI within 8 weeks).
In the third model we included the clinical index Euro-SCORE as a unique variable of risk adjustment.
In order to evaluate whether a different risk adjustment approach affected the hospital ranking, we re-ran the three models, including, among the independent variables, the dummies representing the Wve CSCs with reference to the sixth highest volume hospital (D), a private accredited provider. Consequently, we were able to determine the level of performance of each individual surgical centre, comparing the type of ranking obtainable through the three models.
The c-statistic was used to assess the discrimination of the model, i.e. the extent to which the model predicts higher probabilities of death for patients who die. In particular, it characterizes the predictive ability of the logistic model from c = 0.5 (the model has no predictive ability) to c = 1.0 (perfect prediction). To measure the model's calibration, we used the Hosmer-Lemeshow statistic. It is useful to remember that a model is said to be calibrated to a data set when the average of the predicted values is close to the average of the actual outcomes: models with an Hosmer-Lemeshow statistic value >15.51 (P < 0.05) are rejected for poor Wt [30, 31] . The patient case-mix differed between hospitals and across years. For both years CSC F presented a higher proportion of females, while CSC A had the highest proportion of patients aged ≥70 years. The Charlson comorbidity score signalled more comorbid illness for patients treated in CSCs C and F for the year 2000 and in CSCs D and E for 2001. Patients admitted due to emergency were concentrated in CSCs E and F, both of which are public providers with emergency rooms. Table 2 presents the univariate analysis of the associations between all variables and in-hospital mortality, calculating oddsratios and P-value signiWcance for the years 2000 and 2001.
Results
The risk factors with by far the highest odds-ratios were related to: older patients; patients who underwent heart surgery other than isolated CABG (combined surgery); patients who had other heart surgery during the previous year; and patients admitted due to emergency. Table 3 presents the multivariate logistic goodness of Wt statistics for the three models using different risk adjustment approaches.
In both years, Model 1 ranked the lowest in terms of discriminatory ability, whereas Model 2 yielded the highest predictive value in 2001. The level of predictive performance for mortality achieved using our administrative risk approach was comparable to that achieved using the chart-based risk adjustment model. In particular, the c-statistic signalled a growing discrimination capability through the three models: c = 0. Table 4 compares the results of logistic regression models, including dummy variables for the centres and displays, for each model, including the signiWcant risk factors for in-hospital mortality after adjustment for patient characteristics along with their odds-ratios and the P-values.
In comparison with the results shown in Table 3 More interesting for our purpose was a direct comparison of the third model using EuroSCORE with the second one that presented the risk adjustment obtainable using other available administrative information.
The hospitals' relative performances (compared with CSC D) were generally consistent, regardless of which risk adjustment 
CI, conWdence interval; CABG, coronary artery bypass graft; AMI, acute myocardial infarction.
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To measure calibration, models with a Hosmer-Lemeshow statistical value >15.51 (P < 0.05) are rejected for poor Wt. model was used. As we found no changes in ranking of hospitals, our results conWrmed those of Iezzoni et al. [10] , i.e. that for comparing CABG death rates, either data source is potentially able to produce comparable hospital rankings.
The most powerful predictors of death in the second model were combined surgery (odds-ratio 3.02, P < 0.0001, in 2000; odds-ratio 3.24, P < 0.0001, in 2001), older age (odds-ratio 2.78, P < 0.0001, in 2000; odds-ratio 2.08, P < 0.001, in 2001), OR, odds-ratio; CI, conWdence interval; CSC, cardiac surgical centres; CABG, coronary artery bypass graft; AMI, acute myocardial infarction; H-L, Hosmer-Lemeshow. 1 With reference to CSC D. 2 The discrimination power of the model is better for c-statistic values >0.5 and close to 1. 3 To measure calibration, models with a Hosmer-Lemeshow statistical value >15.51 (P < 0.05) were rejected for poor Wt. 
Discussion
Relating mortality to risk remains the mainstay of any system that assesses the quality of hospital care. In the present study we have investigated the predictive performance for mortality of a risk adjustment approach based on administrative variables for CABG patients. In particular, we tested the performance of a risk adjustment approach using the Charlson comorbidity index plus other information obtainable exclusively from administrative data sources and associated with an increased risk of patients' in-hospital mortality. Our results suggested that, with the growing completeness and accuracy of administrative data, a risk adjustment approach based on such information yields predictive performance for mortality that is comparable to that obtainable with a risk adjustment approach using EuroSCORE, whose risk factors are derived mostly from the clinical status of the patient. These results conWrmed those reached in previous studies [8] [9] [10] , in which the discrimination ability of clinical and administrative risk adjustment models was found to be quite similar. Iezzoni and colleagues [10] even found that code-based severity measures had better statistical performance in predicting death than severity measures based on clinical information. This paradoxical better performance of the administrative models over clinical-based ones was accounted for by the dependence of code-based measures on ICD-9-CM codes representing lifethreatening conditions occurring after surgery. In order to adequately take into account the possible inclusion of codes presenting probable postoperative events, we linked hospital data across multiple episodes of care up to 1 year before the admission for CABG for the same patient. In our analysis, major efforts to distinguish between comorbidities and complications among secondary diagnoses in administrative data systems did not alter the paradoxical result stressed in previous analyses, and the statistical model based on clinical data did not have a substantially better predictive ability than the administrative approach. As suggested by Hannan et al. [8, 9] , our Wndings conWrmed that adding some administrative variables considered proxies for clinical complexity to the administrative risk adjustment approach eliminated much of the difference in effectiveness of the two systems. Focusing on the health policy context of measuring CABG death rates, our study strengthened the theory that, with increasing improvements in accurate coding practice, administrative databases could provide a valuable and economical source for health planning and research. These results seem to be of particular importance if we consider the possibility of adapting and applying such an administrative approach to illnesses where a clinical risk index like EuroSCORE has not yet been developed.
